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1981; Molendijk et al, 1987), presumably to allow the generation of
systemic mediators of immunosuppression.
Further, it has also long been known that 50% ‘‘systemic’’ suppression
can be generated by UV doses as low as 420 J per m2 of 270 nm
(61.5 nm HBW) narrow band UV in the ‘‘UV-resistant’’ strain BALB/
C (De Fabo and Noonan, 1983). Finally, we would strongly suggest
that use of the terms ‘‘low-dose’’ and ‘‘high-dose’’ are qualitative and
therefore intrinsically unsatisfactory. As far as we can establish neither
term has been quantitatively defined.
Strain differences and hapten dose We disagree with the conclu-
sion (p. 720, para 2) that ‘‘strain differences are observed only when
excessive amounts of hapten are used for immunization.’’ The dose
of hapten appears to change the doses of UV required for UV
immunosuppression (Figs 1–3), as reported (Miyauchi and Horio,
1995) and cited in the current paper; however, unless UV dose–
responses for immunosuppression are established for each mouse strain
at each hapten dose, it cannot be stated that the strain differences in
susceptibility to UV-induced immunosuppression are observed ‘‘only’’
when excessive amounts of hapten are used for immunization.
Frances Noonan, Edward C. De Fabo
Laboratory of Photoimmunology and Photobiology, Dermatology
Research, George Washington University Medical Center, Ross
Hall, Washington, DC, U.S.A.
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Reply:
Drs. Noonan and DeFabo raise several relevant questions with respect
to our manuscript ‘‘Genetic variation in low-dose UV-induced
suppression of contact hypersensitivity and in the skin
photocarcinogenesis response’’ that was recently published in the Journal
of Investigative Dermatology (109:716, 1997).
Statistical analysis Statistical analysis was performed on the
carcinogenesis experiments employing Chi square analysis and was not
statistically significant for the two strains when they were subjected to
the chronic UV irradiation protocol, but were highly significant
(p , 0.01) when panels were given the single dose of UV radiation
followed by repeated applications to 12-O-tetradecanoyl-phorbol-
13-acetate.
‘‘Low-dose’’ versus ‘‘high-dose’’ immunosuppression Although
we agree that ‘‘low dose’’ and ‘‘high dose’’ may not be the ideal
terms for the two different protocols used to produce UV-induced
immunosuppression, they are the generally accepted terms. It would
only add further confusion to the literature to change the terms at this
point. Although we have not performed the experiments ourselves,
we have no reason to disagree with the statement that systemic
immunosuppression of the contact hypersensitivity response can be
produced at considerably lower doses than are generally employed. It
is important to note that Drs. Noonan and De Fabo have reported
that lower doses of UV radiation can produce ‘‘high-dose’’
immunosuppression, not every investigator has found this to be the
case (Toews et al, 1980; Elmets et al, 1983; Jun et al, 1988). Moreover,
whether those lower doses can be used to suppress the response to
other immunogens – e.g., to Herpes simplex virus – remains to be
determined (Ross et al, 1986). It is important to emphasize that there
are clear-cut differences in the mechanisms by which these two
UV irradiation protocols produce immunosuppression (Elmets and
Bergstresser, 1982; Cruz and Bergstresser, 1992). First, ‘‘low dose’’ UV-
induced suppression of contact hypersensitivity is mediated at least in
part by an alteration in the antigen-presenting function of epidermal
Langerhans cells and other antigen-presenting cells in the skin (Toews
et al, 1980). In contrast, Langerhans cell antigen-presenting function
in the skin to which hapten is applied in the ‘‘high-dose’’ UV irradiation
regimen is normal (Noonan et al, 1988). Second, the soluble mediators
associated with the two regimens differ. TNF-α has been shown to
suppress induction of contact hypersensitivity in the ‘‘low-dose’’
model (Streilein, 1995), whereas IL-10 is a major mediator of the
immunosuppression in the ‘‘high-dose’’ model (Rivas and Ullrich,
1992, 1994; Ullrich, 1995). Third, there may be differences in the
chromophores that mediate the immunosuppressive effects in the two
regimens (Applegate et al, 1989; Norval et al, 1989; Kripke et al, 1992).
Finally, Dr. Noonan’s own data suggest that the two regimens are
mechanistically different, because the strains of mice that exhibit
immunosuppression following treatment with the ‘‘high-dose’’ regimen
(Noonan and Hoffman, 1994a, b) are quite different from those with
the ‘‘low-dose’’ regimen (Streilein and Bergstresser, 1988; Yoshikawa
and Streilein, 1990).
Strain differences in UV immunosuppression As referred to
above, the fact that Dr. Noonan did not find differences in the
immunosuppressive whereas we and others have most likely relates to
differences in the ‘‘low-dose’’ and ‘‘high-dose’’ UV-irradiation regimens.
We disagree with Drs. Noonan’s and DeFabo’s conclusion that our
findings would have been predicted from the ‘‘systemic’’ model,
because the ‘‘systemic’’ model was not used in this situation. The
presumed tumor antigens to which the immune response is deficient
were present only at the irradiated skin site.
Strain differences and hapten dose What we meant to say was
that ‘‘at the UV-dose employed strain differences are observed only
when excessive amount of hapten are used for immunization.’’
Mitsuo Yamawaki, Santosh Katiyar, Cathy Y. Anderson,
Karen A. Tubesing, Hasan Mukhtar, Craig A. Elmets
Department of Dermatology, University of Alabama at Birmingham,
School of Medicine, Birmingham Alabama, U.S.A.
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Problems Related to Circadian Rhythms in Human Skin and
their Validation
To the Editor:
We read with interest the article by Yosipovitch et al (1998) about
time-dependent variations of skin barrier function in humans. Because
we believe that the subject of chronobiologic changes in skin properties
are of great interest for dermatologic and cosmetic research, we think
that several methodologic inconsistencies of this report need to be
pointed out.
1 The study was restricted to a 24 h span resulting from two
sessions of 12 h, 1 wk apart. In fact, time-related changes in the 24 h
scale were reconstructed rather than actually investigated. This way of
data collection is unusual – at least when studying circadian rhythms.
As has been suggested previously (Reinberg and Smolensky, 1983), a
supposed 24 h rhythmicity is best studied over a continuous time span
of at least 48 h, in order to validate the events over two consecutive
periods. The authors’ rational for their choice has not been explained.
2 In studying rhythmicity of biologic events, ‘‘marker rhythms’’
are of critical interest to show objectively that subjects are synchronized
(Haus and Touitou, 1990). Therefore reference variables such as cortisol
and/or melatonin should be routinely obtained during chronobiologic
studies (Frentz et al, 1991; Verschoore et al, 1993). Parameters of such
marker rhythms and also of transepidermal water loss and skin blood
flow are altered by oral contraceptives (Reinberg et al, 1996). The
intake of these drugs should therefore always be assessed in chrono-
biologic studies.
3 The authors state that they ‘‘found a statistically significant
circadian rhythmicity characterized by cosinor analyses in transepi-
dermal water loss, skin surface pH, and skin temperature in the forearm,
forehead and shin.’’ The cosinor method (Nelson et al, 1979) has been
used as the major statistical tool. Using the least square method, one
tries to find the best fitting cosine function approximating all data. It
is assumed that rhythmic changes are close to a cosine function with
a period of 24 h. When this occurs, the mean peak time location of a
rhythm (the acrophase φ) is given with rather narrow and symmetrical
confidence limits, e.g., φ 6 60 min with a 95% security. If the
experimental curve is far from a cosine function, as well as if data are
associated with an important noise, or both, confidence limits of φ are
spread asymmetrically over many hours. This is true even if the rhythm
appears to be detected by rejection of the null hypothesis for amplitude.
This means that the cosinor must be used with caution especially when
the sample size is small. From both a practical and a statistical point of
view, De Prins and Waldura (1993) have recommended not to use this
method when confidence limits of φ are larger than 6 2 h associated
with an asymmetrical distribution. In the paper by Yosipovitch et al
(1998, Table II), it appears, for example, that transepidermal water loss
peak time may be located between 10.30 and 19.30 h (with φ 5
18.00 h 11 h 30 min/–7 h 30 min) or that the shin pH peak time
may be located between 05.30 and 14.30 h (with φ 5 11.00 h 13 h
30 min/–5 h 30 min). This dramatic lack of precision clearly means
that the cosinor cannot be used in these cases, presumably because
none of the documented rhythms are close to a cosine function.
According to De Prins, the fact that 95% confidence limits are
asymmetrical, with respect to the mean acrophase (φ), also leads one
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to conclude that the results are of very doubtful value. Moreover we
were surprised to find a set of nice looking cosine curves instead of
figures displaying raw data. In this case cosine curves are just misleading
the reader not familiar with circadian rhythms studies, without adding
to the knowledge of chronobiologic changes of the skin.
We believe that such a presentation of data inhibit rather than help
progress in the research of circadian rhythms.
Alain Reinberg
Unite´ de Chronobiologie, Fondation A. de Rothschild, Paris, France
Isabelle Le Fur
Centre de Recherches et d’Investigations Epidermiques et
Sensorielles, Paris, France
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Reply:
In response to the critical remarks by Reinberg et al concerning our
paper ‘‘Time-dependent variations of the skin barrier function in
humans: transepidermal water loss, stratum corneum hydration, skin
surface pH and skin temperature’’ (Yosipovitch et al, 1998), we present
the following comments.
First we would like to thank Reinberg et al for bringing to our
attention one of their articles on circadain rhythms in skin (Reinberg
et al, 1996) that was published after our article was written.
Study spans of 48 h are desirable and feasible with noninvasive
monitoring equipment but are difficult with time-consuming
measurement techniques that interfere with the subjects studied. Tiring
and sleep deprivation of the subjects (and investigators) can obviate
any advantage a 48 h study might provide. The interference with the
subjects was minimized in our study by extension of the study over
